GLASS FORMING TUBE, AND GLASS CAKE AND 
METHOD INCORPORATING SAME 

BACKGROUND OF THE INVENTION 
L Technical Field 

5 The invention relates generally to the production of glass fiber, and more 

particularly to glass forming tubes used in the production of glass fiber. 

2. Descriptionof Related Art 

In the production of glass fiber for various intended applications, glass strands are 
manufactured from molten glass streams flowing through orifices formed in a die or 
10 bushing. The strands are drawn in the form of continuous filaments and the filaments are 
gathered into base strands, which typically are then wound into rolls or "cakes". 

Before they are gathered together in the form of strands, the filaments are coated 
with a coating of a binder or sizing composition. The binder or sizing serves as a 
lubricant and protects the strands during the fiber production process. The binder or 
15 sizing can also facilitate the binding of the filaments to one another within the strands. 
Good integrity is particularly important in textile applications where the strands are 
subjected to strong mechanical stresses. The binder or sizing also can facihtate an 
improved bond between the glass strands and the matrix material in a fiber-matrix 
composite material. 

20 The binder or sizing compositions (hereinafter referred to generally as "coating 

compositions") typically are water-based. The water generally represents 90% by weight 
of the composition, and hence the water must be evaporated after application of the 
composition. Therefore, some type of drying device must be used to heat the coated 
glass strands. Typically, the coated glass strands or fibers are wound about forming tubes 

25 to form rolls or cakes, and then the cakes are heated in an oven or the like so as to 
dry/cure the coating. 



Most forming tubes are formed of paperboard that is coated with sihcone or the 
like to render the tubes impervious to the Uquid coating composition, since the tubes are 
exposed to the composition when the wet coated fibers are wound onto the tubes. The 
coating also renders the tubes impervious to vapors. During the curing/drying process, 
5 vapors are generated by evaporation of the volatile component(s) of the coating 

composition. It has been foxmd that vapor pressure that builds up in the cake can rise to 
such a level that the forming tube can implode. Additionally, the curing/drying process 
can take a considerable amount of time (e.g., up to 48 hours or more), and hence a 
significant amount of energy is expended. 

10 BRIEF SUMMARY OF THE INVENTION 

The present invention addresses the above needs and achieves other advantages 
by providing a forming tube that is pervious to the vapors generated during the 
curing/drying process. Consequently, the tendency of the forming tubes to implode is 
reduced or eliminated. Moreover, because the generated vapors can escape through the 
15 forming tube as well as through the outer surfaces of the cake, the curing/drying of the 
cake is accelerated so that a lesser amoxmt of energy is required. 

A forming tube in accordance with the invention can be formed firom various 
materials, including but not limited to molded plastic with perforations, metal (e.g., a 
wire screen or cage structure), wound paperboard treated with sizing compound to render 

20 the paperboard impervious to liquid but pervious to vapors, wound synthetic paper or 
nonwoven material formed of synthetic fibers, or wound perforated paperboard. The 
openings or perforations through the wall of the forming tube in particular embodiments 
of the invention have a diameter or maximum distance across the opening less than about 
0.1 inch. The outer surface of the tube, apart firom the presence of the openings, is 

25 cylindrical. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S) 

Having thus described the invention in general terms, reference will now be made 
to the accompanying drawings, which are not necessarily drawn to scale, and wherein: 
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FIG. 1 is a diagrammatic view of a conventional glass fiber forming process; 

FIG. 2 is a perspective view of a glass fiber cake in accordance with one 
embodiment of the invention; 

FIG. 3 is a cross-sectional view of the cake along line 3-3 of FIG. 2; 

5 FIG. 4 is a magnified fi-agmentary cross-sectional view of the cake in the vicinity 

of the body wall of the forming tube; and 

FIG. 5 is a cross-sectional view of the body wall of a forming tube in accordance 
with another embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

1 0 The present inventions now will be described more fully hereinafter with 

reference to the accompanying drawings, in which some, but not all embodiments of the 
invention are shown. Indeed, these inventions may be embodied in many different forms 
and should not be construed as limited to the embodiments set forth herein; rather, these 
embodiments are provided so that this disclosure will satisfy applicable legal 

15 requirements. Like numbers refer to like elements throughout. 

A conventional glass fiber forming process is depicted in FIG. 1 . Batch materials 
of glass are blended together in a blender 10 and are melted in a fumace 12 to produce 
molten glass. The molten glass is fed through a die or bushing (typically of platmum) 14 
that has a plurality of very small orifices formed through it. The molten glass flows 

20 under gravity out fi-om the orifices to create a plurality of streams of molten glass, and as 
the streams fall downward they are cooled and solidify into glass filaments 16. Typically 
a number of the filaments 16 are gathered together to form a strand 18. Before they are 
gathered together in the form of strands, the filaments are coated with a coating of a 
binder or sizing composition in a binder application process 20. The strand 18 of coated 

25 filaments is then advanced to a winder 22 where the strand is wound about a forming tube 
(not shown in FIG. 1) to form a cake 24. Typically a plurality of the cakes 24 are then 
transported, such as by a cart 26 or other means, to an area where the applied coating 
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composition is dried or cured. In the case of some types of coating compositions, it is 
necessary to heat the cakes to cure the composition. Accordingly, the cakes are 
transported into a drying/curing oven 28 or the like. The oven typically heats the cakes to 
a temperature of about 200'' F to 400*" F, the temperature depending m part on the 
5 particular coating composition(s) applied. After drying/curing, the cakes are removed 
from the oven and the resulting glass fibers are subjected to further processing operations 
30, which can include warping, texturizing, yam forming, or the like. 

A glass fiber cake 24 in accordance with one embodiment of the invention is 
shown in FIGS. 1-4. The basic concept of the invention is to allow vapors generated 
10 during the drying/curing process to escape the cake in all directions, including through 
the forming tube on which the glass fiber is wound, as depicted in FIG. 3. Accordingly, 
the glass fiber is wound about a forming tube 32 that is pervious to the vapors that are 
generated. Various constructions and materials can be used in making a pervious 
forming tube in accordance with the invention. 

1 5 One embodiment of a forming tube 32 is shown in greater detail in FIG. 4. The 

forming tube comprises a plurality (two, in the illustrated embodiment) of plies 34, 36 of 
fibrous material spirally wound about an axis of the tube and adhered together to form a 
tubular body wall. The fibrous material can be formed of various types of fibers, and the 
pUes can be formed by various processes. For instance, the plies can comprise synthetic 

20 fibers formed into sheets by a papermaking type of process (to make so-called synthetic 
paper); alternatively, the plies can comprise synthetic fibers formed into sheets by various 
types of non-woven fabric production processes. As still another altemative, the plies 
can comprise paper or paperboard (collectively referred to herein as "paper"). The paper 
can be a highly open or porous paper, or can be mechanically perforated with relatively 

25 larger holes. In the case of unperforated paper phes 34, 36, at least the outermost ply 36 
can include a sizing composition to render the paper substantially impervious to liquids 
used in the coating composition, yet pervious to the vapors generated during the 
drying/curing process. Wound paperboard forming tubes typically comprise about three 
to five plies, which include one or two primary structural layers of paperboard that are 

30 relatively thicker, and an inner ply and an outer ply that are relatively thiimer and may 
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comprise extensible kraft. All of the plies making up the tube can include the sizing 
composition, if desired. 

The sizing composition essentially fills the larger pores in the paperboard so that 
liquid is substantially prevented from penetrating but vapor can pass through smaller 
5 pathways in the paperboard structure. 

An alternative embodiment of a forming tube 40 in accordance with the invention 
is shown in FIG. 5. The forming tube 40 is formed of plastic and has a plurality of 
openings 42 that extend through the wall of the tube. The openings 42 advantageously 
are relatively small, for example less than about 0.1 inch in dimneter (or maximum 
10 distance across the opening, in the case of non-circular openings). The outer surface 44 
of the tube is cylindrical, except for the presence of the openings. The openings can be 
formed in various ways, such as during the process of molding the tube 40, or by a 
mechanical process after the molding of the tube. Although a plastic tube with openings 
is shown, other materials besides plastic can be used, such as metal or paperboard. 

1 5 Forming tubes in accordance with some embodiments of the invention can be 

designed for a single use, after which they may be discarded. Such single-use forming 
tubes advantageously are formed from relative inexpensive materials such as paperboard 
(either perforated similar to FIG. 5, or non-perforated as in FIG. 4), nonwoven sheet 
material (not shown), and the like. 

20 In use, a forming tube in accordance with the invention is loaded on a winder, and 

glass fiber, after being coated with one or more coating compositions, is wound about the 
tube to form a glass cake. The cake is removed from the winder and transferred to a 
fiuther station for drying or curing. In some cases, it may be sufficient to allow the cake 
to dry without appUcation of heat; in other cases, heat may be necessary to cure the 

25 coating composition and/or to speed the drying of the coating. In either situation, the 
forming tube in accordance with the invention allows vapor transport through the tube 
and thereby facilitates the drying and/or curing. Heat transfer through the wall is also 
enhanced relative to prior-art impervious forming tubes. As a result of the improved 
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vapor and heat transport afforded by the forming tube, it is expected that the properties of 
the coated glass fiber should be more-uniform throughout the cake. 

Many modifications and other embodiments of the inventions set forth herein will 
come to mind to one skilled in the art to which these inventions pertain having the benefit 
5 of the teachings presented in the foregoing descriptions and the associated drawings. 
Therefore, it is to be understood that the inventions are not to be limited to the specific 
embodiments disclosed and that modifications and other embodiments are intended to be 
included within the scope of the appended claims. Although specific terms are employed 
herein, they are used in a generic and descriptive sense only and not for purposes of 
10 limitation. 
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